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ABSTRACT

Objectives: To determine continuous EEG (cEEG) patterns that may be unique to anti-NMDA re-
ceptor (NMDAR) encephalitis in a series of adult patients with this disorder.

Methods: We evaluated the clinical and EEG data of 23 hospitalized adult patients with anti-
NMDAR encephalitis who underwent cEEG monitoring between January 2005 and February
2011 at 2 large academic medical centers.

Results: Twenty-three patients with anti-NMDAR encephalitis underwent a median of 7 (range
1�123) days of cEEG monitoring. The median length of hospitalization was 44 (range 2�200)
days. Personality or behavioral changes (100%), movement disorders (82.6%), and seizures
(78.3%) were the most common symptoms. Seven of 23 patients (30.4%) had a unique electro-
graphic pattern, which we named “extreme delta brush” because of its resemblance to waveforms
seen in premature infants. The presence of extreme delta brush was associated with a more
prolonged hospitalization (mean 128.3 � 47.5 vs 43.2 � 39.0 days, p � 0.008) and increased
days of cEEG monitoring (mean 27.6 � 42.3 vs 6.2 � 5.6 days, p � 0.012). The modified Rankin
Scale score showed a trend toward worse scores in patients with the extreme delta brush pattern
(mean 4.0 � 0.8 vs 3.1 � 1.1, p � 0.089).

Conclusions: Extreme delta brush is a novel EEG finding seen in many patients with anti-NMDAR
encephalitis. The presence of this pattern is associated with a more prolonged illness. Al-
though the specificity of this pattern is unclear, its presence should raise consideration of this
syndrome. Neurology® 2012;79:1094–1100

GLOSSARY
cEEG � continuous EEG; NMDAR � NMDA receptor.

Anti-NMDA receptor (NMDAR) encephalitis is an increasingly recognized etiology of previ-
ously unexplained encephalopathy and encephalitis.1 The associated syndrome is usually se-
vere, including neuropsychiatric symptoms, impaired consciousness, seizures, autonomic
instability, and hypoventilation.2,3 Although seizures have been reported in 76% of adults and
77% of children, only a small percentage of patients have evidence of epileptiform activity on
EEG. The majority of children with anti-NMDAR encephalitis demonstrate diffuse slowing or
anteriorly predominant slowing.2,3 Thus far, no studies have attempted to systematically cate-
gorize the pattern of EEG abnormalities in adults.

In our efforts to better characterize these findings, we have identified several patients with an
EEG pattern that we believe is unique to a subset of patients with this disorder. We refer to this
pattern as “extreme delta brush” (EDB) because of its resemblance to the neonatal EEG pattern
known as delta brush. We report here the clinical and electrographic features of 7 patients with
anti-NMDAR encephalitis and EDB and 16 patients without this pattern.
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METHODS Standard protocol approvals, registra-
tions, and patient consents. The institutional review boards

of both the Hospital of the University of Pennsylvania and Co-

lumbia University Medical Center approved this retrospective

study and waived the need for informed consent.

Patients. This case series includes 13 patients from the Hospi-

tal of the University of Pennsylvania and 10 from Columbia

University Medical Center with either CSF or serum-confirmed

NMDAR antibodies, who were hospitalized and underwent

EEG monitoring between January 2005 and February 2011. Pa-

tients were identified using a clinical neurophysiology database

of individuals older than 18 years.

EEG data. We reviewed the EEG recordings and EEG reports

of all patients. EEGs were evaluated for the presence or absence

of electrographic seizures, diffuse slowing, focal slowing, rhyth-

mic delta activity, excessive beta activity, and the extreme delta

brush pattern. Rhythmic delta activity or periodic discharges

that did not show clear evolution were not counted as electro-

graphic seizures.

Patient data. Information regarding age, gender, length of

hospitalization, presence or absence of teratomas, past medical

history, immunosuppressant treatment, clinical seizures, antiepi-

leptic drug use, sedative use, neuropsychiatric features of disease,

autonomic instability, neuroimaging findings, CSF findings,

type of discharge and modified Rankin Scale score at discharge

was collected for all subjects.

Statistical analysis. Fisher exact tests allowed comparisons of

categorical variables between patients with and without the ex-

treme delta brush pattern. The Mann-Whitney U test was per-

formed for comparison of nonparametric continuous data.

RESULTS Patient characteristics. Twenty-three pa-
tients with anti-NMDAR encephalitis underwent a
median of 7 (range 1�123) days of cEEG monitor-
ing. Indications for monitoring were seizures, altered
mental status or both. The median age was 24 (range
18�55) years and 19 of 23 patients (83%) were fe-
male. All patients had a history of behavioral or per-
sonality changes before presentation and 14 (61%)
were comatose with a Glasgow Coma Scale score �8
at admission. Clinical seizures before or during hos-
pitalization occurred in 18 patients (78%), abnormal
movements or dystonia in 19 patients (83%), and
facial dyskinesias in 15 patients (65%). Hypoventila-
tion was noted in 9 patients (39%). Eleven patients
(48%) had unilateral or bilateral ovarian teratomas
demonstrated by imaging or exploratory laparotomy.
MRI T2/fluid-attenuated inversion recovery hyper-
intensities involving neocortex (occipital, frontal,
temporal, and parietal), subcortical white matter, or
mesial temporal lobes were identified in 16 patients;
7 patients (30%) had normal MRIs. CSF analysis
was performed in 22 patients and was abnormal in
19. Median CSF white blood cell counts were 23
(range 0�243) per mm3 and median CSF protein
levels were 39.5 (range 15�93) mg/dL. Oligoclonal
bands were not systematically examined. The median

length of hospitalization was 44 (range 2–200) days.
The mean modified Rankin Scale score at hospital dis-
charge was 3.4 � 1.1. Four patients (17%) were dis-
charged home, and the remaining patients were
discharged to acute or subacute rehabilitation or
skilled nursing facilities.

EEG findings. The cEEG findings are shown in table
1. Two patients had normal cEEG with 1 and 3 days
of monitoring. Diffuse slowing of the background
was seen in 21 patients (91%) with severe diffuse
slowing in 9 patients (39%). Eight patients (34%)
had focal slowing in some of the recordings. General-
ized rhythmic delta activity was seen in 11 patients
(47.8%) and 12 patients (52.2%) had diffuse excess
beta frequency activity, presumably related to benzo-
diazepine or barbiturate use. Fourteen patients
(61%) had electrographic seizures during cEEG
monitoring. Eight patients (34.8%) had nonconvul-
sive seizures, but no patients had exclusively noncon-
vulsive seizures.

Seven patients (30%) had a unique electrographic
pattern characterized by rhythmic delta activity at

Table 1 Summary of cEEG findings

EEG findings No. %

Normal EEG 2 8.7

Mild polymorphic diffuse slowing 2 8.7

Moderate polymorphic diffuse slowing 10 43.5

Severe polymorphic diffuse
slowing

9 39.1

Focal slowing 8 34.8

Hemispheric 5 21.7

Frontal 6 26.1

Central 4 17.4

Temporal 6 26.1

Parietal 4 17.4

Occipital 4 17.4

Other 4 17.4

Generalized rhythmic delta
frequency activity without
extreme delta brush

4 17.4

Excess beta frequency activity
without extreme delta brush

5 21.7

Electrographic seizures 14 60.1

Left 0 0

Right 6 42.9

Bilateral/generalized 4 28.6

Unknown 4 28.6

Electrographic seizures without
clinical correlate

9 39.1

Clinical seizures 14 60.9

Extreme delta brush 7 30.4

Abbreviation: cEEG � continuous EEG.
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1�3 Hz with superimposed bursts of rhythmic
20–30 Hz beta frequency activity “riding” on each
delta wave (figures 1�3). We named this pattern ex-
treme delta brush because of its resemblance to the
delta brush EEG pattern seen in premature infants,
also known as beta-delta complexes.4 Typical neona-
tal delta brushes are a combination of delta frequency
transients with superimposed 8�20 Hz fast activity,
which are commonly symmetric but are not typically
synchronous; they can be seen in any head region but
are less common in the frontal regions. They are
present in both the awake and sleep states and typi-
cally disappear by 1 month postterm.4 In contrast,
our EDB pattern typically appeared as a nearly con-
tinuous combination of delta activity with superim-
posed fast activity, usually in the beta range, which
was most often symmetric and synchronous, typi-
cally seen broadly across all head regions. In all pa-

tients studied, the delta brush pattern was present
continuously from the earliest available EEG. It did
not vary with sleep-wake cycles and did not vary sig-
nificantly with stimulation or level of arousal. The
pattern occurred independent of episodes of dysto-
nia, choreoathetosis, and orofacial dyskinesias and
therefore was not felt to represent a movement-
related artifact. One patient underwent neuromuscu-
lar paralysis and had no associated change in her
EEG.

This pattern was unlikely to be due to superim-
posed benzodiazepine- or barbiturate-induced beta
activity because 2 patients demonstrated this pattern
on the initial EEG before receiving benzodiazepines
or barbiturates. Phenobarbital was used in only one
patient with the EDB pattern, and, for that patient,
the presence of the EDB pattern preceded the use
of phenobarbital by almost 2 weeks. The presence of

Figure 1 Continuous EEG recording in a 23-year-old woman with anti-NMDA receptor encephalitis, seizures,
and coma

(A) The initial EEG tracing demonstrates generalized rhythmic and semirhythmic delta frequency activity at 1 Hz with
superimposed, frontally predominant bursts of rhythmic beta frequency activity. High pass filter 0.5 Hz; low pass filter 70
Hz; notch filter off. (B) Time-frequency analysis of the EEG tracing. A compressed spectral density array over 30 seconds of
recording demonstrates increased low-frequency power with rhythmic bursts of 18�32 Hz power, which is characteristic
of the extreme delta brush pattern.
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this pattern was not altered by administration of
nonsedative antiepileptic medications. However, the
use of pentobarbital in one patient led to a transient
burst-suppression pattern. After pentobarbital was
stopped, the EDB pattern resumed. We compared
the clinical characteristics of patients with EDB and
those without EDB to determine whether this pat-
tern can provide additional clinical information (ta-
ble 2). Patients with EDB had more protracted
hospital courses, with a median of 126 (range
70�200) days in the hospital and 14 (5�123) days
undergoing cEEG monitoring compared with to 36
(2�142) hospital days and 3.5 (1�20) cEEG days in
patients without the pattern (Mann-Whitney two-
tailed U test, p � 0.0008 and p � 0.012, respec-
tively). There was a trend toward worse outcomes at
discharge in patients with EDB with a mean modi-
fied Rankin Scale score of 4.0 � 0.8 compared with
3.1 � 1.1 in patients without EDB (p � 0.089). In
addition, patients without EDB were more likely to
have an abnormal MRI than those with EDB (87.5%
vs 28.6%, Fisher exact test, p � 0.01).

In contrast, rhythmic delta activity without a
frank EDB pattern was seen in 4 patients (17%).
Unlike the EDB pattern, this pattern was not associ-
ated with a statistically significant increased length of
hospital stay, with a median hospital stay of 47.5
(range 34–68) days in patients with rhythmic delta
activity without EDB and a mean stay of 37.5 (range
7–142) days in patients without rhythmic delta or
EDB (Mann-Whitney 2-tailed U-test, p � 0.38).
Excess beta activity was also a common finding in
patients without EDB (5 patients [21.7%]) and was
not associated with a longer length of stay (median

38 [range 13–142] days) with excess beta and no
EDB vs 38 [2–132] days without excess beta and no
EDB, p � 0.44).

DISCUSSION In this series of 23 adult patients with
anti-NMDAR encephalitis and cEEG monitoring,
30% had the EDB pattern early on cEEG. To our
knowledge, this pattern has not been described in
other neurologic conditions, suggesting that it may
be unique for a subset of patients with this disorder.
Patients with EDB were hospitalized and monitored
with cEEG longer and demonstrated a trend toward
a worse outcome. These findings suggest that the
EDB pattern may be a marker of more severe disease
and perhaps worse outcome. At least 2 patients with
this pattern demonstrated gradual EEG improve-
ment over the course of their hospitalization after
aggressive immunotherapy. In both patients, resolu-
tion of EDB was associated with clinical improve-
ment. In addition, patients with this pattern were
more likely to have a normal MRI. Therefore, al-
though patients with EDB were syndromically simi-
lar to those without EDB, the differences in disease
severity and neuroimaging suggest that detection of
EDB predicts a more aggressive phenotype.

The etiology of the EDB pattern remains unclear
and certainly requires further investigation. Excess beta
activity is commonly seen in patients receiving barbitu-
rates and benzodiazepines, the latter of which were ad-
ministered to 15 of our patients. However, for at least 2
patients, the EDB pattern was observed before the doc-
umented initial administration of either barbiturates or
benzodiazepines, suggesting that beta activity occurred
independently of these medications. In 2 other patients

Figure 2 Continuous EEG recording in a 19-year-old man with anti-NMDA receptor encephalitis associated
with dyskinesias, seizures, and coma

The initial EEG demonstrates generalized rhythmic delta frequency activity at 2–2.5 Hz with superimposed rhythmic beta
frequency activity.
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with EDB, the EDB pattern persisted for at least 2
weeks after benzodiazepines were stopped. Further-
more, the beta activity tended to occur in bursts syn-
chronized with diffuse, frontally predominant rhythmic
delta activity, which would not be explained by sedative
use alone. The ictal vs interictal nature of this pattern is
also unclear. None of our patients with EDB responded
clinically or electrographically to trials of either benzodi-
azepines or other IV antiepileptic drugs. Although the
pattern does not qualify as ictal by proposed definitions
of nonconvulsive seizures,5,6 it may lie on the ictal-
interictal continuum.5

Modulation of NMDAR-mediated currents can
alter rhythmic neuronal activity and lead to unique
electrographic patterns. Ketamine, an NMDAR an-
tagonist, can enhance gamma frequency oscillations
and attenuate theta activity in mouse CA37 and in
computational models of hippocampus.8 In patients
with anti-NMDAR encephalitis, antibodies reduce
the levels of synaptic NMDAR and NMDAR-
mediated currents, which could perhaps explain the
electrographic pattern we saw in our patients with
more severe disease who had increased delta activity

with superimposed faster frequencies.9 Owing to the
retrospective nature of the current study, we could
not appropriately address antibody titers because the
antibody data were only available in a qualitative
manner in most patients’ charts, and the antibodies
was not systematically determined by the time cEEG
monitoring was performed (i.e., some patients were
tested several weeks before or after the stage in
which they had cEEG monitoring and before and
after immunotherapy).

To our knowledge, this is the largest series of
cEEG recordings in patients with anti-NMDAR en-
cephalitis. An important practical implication is that
detection of EDB may be a unique electrographic
marker for a subset of patients with more severe dis-
ease. Although it is not yet known whether the EDB
pattern is specific for anti-NMDAR encephalitis, its
presence in the correct clinical context should raise a
strong suspicion of the diagnosis. For example, in
one of the patients included in this study, results of
initial serum anti-NMDAR antibody testing at an
outside hospital were negative; however, the presence
of the EDB pattern on cEEG monitoring prompted

Figure 3 Continuous EEG from the patient in figure 2, 7 months after initiation of aggressive immunotherapy, including rituximab,
cyclophosphamide, IV methylprednisolone, and IV immunoglobulin

The extreme delta brush pattern has resolved, and background EEG activity has largely normalized.
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repeated serum and CSF testing, results of which
were positive. Since the completion of this series, one
of the authors noted the pattern on a routine EEG
performed on a 30-year-old woman who presented
to the hospital with a 2-week course of agitation,
personality changes, and low-grade fever. The EEG,
performed on the third day of her hospitalization,
demonstrated periods of generalized rhythmic delta
activity intermixed with EDB. Based on the prior
observations reported here, the patient underwent
additional diagnostic testing including a pelvic ultra-
sound and then MRI, which revealed abnormal fat
stranding in the right ovary. She was treated with a
course of IV methylprednisolone followed by IV im-
munoglobulin and was scheduled for an exploratory
laparotomy all before positive results for NMDAR
antibodies came back from the laboratory. She was
ultimately found to have a mature ovarian teratoma
in her right ovary, which was removed. The rapid
identification and resection of a teratoma, if present,
may improve recovery times in anti-NMDAR en-
cephalitis.2 Because the return of antibody testing re-
sults from clinical laboratories may take weeks, the
presence of EDB on an EEG, which can be obtained
at the time of presentation, can potentially improve
the speed of discovery of associated teratomas and
reduce delays in diagnosis and treatment.

In the current study, the EDB pattern was identi-
fied in 30% of patients, but a prospective analysis of
patients with systemic cEEG monitoring at different
stages of the disease may reveal a higher incidence.
We are aware of 3 case reports of patients with anti-
NMDAR encephalitis and nonconvulsive seizures
that included EEG tracings similar to the EDB pat-
tern.10–12 One author10 suggested that this pattern,
which they termed “burst and slow complexes” was a
novel manifestation of nonconvulsive status epilepti-
cus. Further studies are needed to examine the
frequency, specificity, and sensitivity of EDB in anti-
NMDAR encephalitis and its implications for out-
come and whether there is a relationship between
this pattern and antibody titers in serum and CSF.
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Table 2 Comparison of patients with and without the EDB pattern on cEEG

Characteristic EDB (n � 7) No EDB (n � 16) p Value

Age, median (range) 22 (18–36) 25.5 (19–55) NS

Female, n (%) 4 (57.1) 15 (93.8) 0.067

Hospital days, median (range) 126 (70–200) 38 (2–142) 0.0008a

EEG days, median (range) 14 (5–123) 3.5 (1–20) 0.012a

Teratoma present, n (%) 3 (42.9) 8 (50.0) NS

Immunotherapy given, n (%) 7 (100) 14 (87.5) NS

Clinical seizures, n (%) 6 (85.7) 8 (50.0) NS

Any seizures, n (%) 6 (85.7) 8 (50.0) NS

Benzodiazepine use, n (%) 6 (85.7) 9 (56.3) NS

Movement disorder, n (%) 7 (100) 13 (81.3) NS

Facial dyskinesias, n 6 (85.7) 9 (56.3) NS

Coma (GCS score <8) on
presentation, n (%)

5 (71.4) 9 (56.3) NS

Behavioral changes, n (%) 7 (100) 16 (100) NS

Discharged home, n (%) 0 (0) 4 (25)

Abnormal MRI, n (%) 2 (28.6) 14 (87.5) 0.01a

Abnormal CSF, n (%) 6 (85.7) 13 of 15 (86.7) NS

CSF WBCs, count/mm3, mean (SD) 35.8 (46) 82 (104) NS

CSF protein, mg/dL, mean (SD) 47 (55) 48 (21) NS

Rankin Scale score, mean (SD) 4.0 (0.8) 3.1 (1.1) 0.089

Abbreviations: cEEG � continuous EEG; EDB � extreme delta brush; GCS � Glasgow Coma
Scale; NS � not significant; WBC � white blood cell.
a p � 0.05.
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